Abstract. Two experiments, CMD-3 and SND, collected over 100 pb −1 in total taking data in 2011-2013 at the VEPP-2000 electron-positron collider. The data sample covers the whole available c.m. energy range from 0.32 GeV to 2.0 GeV. An upgrade of VEPP-2000 started in the second half of 2013, aimed at the luminosity increase up to 10 times at 2.0 GeV. Data taking is expected to resumed in 2015. The current results of analysis of the collected data for various modes of e + e − → hadrons are discussed.
VEPP-2000
The electron-positron collider VEPP-2000 [1, 2] was commissioned at Budker Institute of Nuclear Physics (Novosibirsk, Russia) in 2010. The machine covers the c.m. energy range from √ s = 0.32 GeV to 2.0 GeV and employs the novel technique of round beams to reach a design luminosity up to 10 32 cm −2 s −1 at 2 GeV. Two detectors, CMD-3 [3] and SND [4] , are installed in the interaction regions of VEPP-2000.
CMD-3 (Cryogenic Magnetic Detector) is a generalpurpose detector (Fig. 1) . The cylindrical drift chamber with hexagonal cells is surrounded by the Z-chamber, a MWPC with a dual anode and cathode readout, used for precise determination of the fiducial volume for charged particles. The barrel electromagnetic calorimeter, placed outside the superconducting solenoid (0.13X 0 , 13 kGs), is composed of two systems: the Liquid Xenon calorimeter (about 5.4X 0 ), surrounded by the CsI crystal calorimeter (about 8.1X 0 ). The LXe calorimeter has 7 layers and utilizes dual readout: the anode signals are used for a measurement of the total energy deposition, while signals from the cathode strips provide information about a shower proa e-mail: I.B.Logashenko@inp.nsk.su file and are used for a measurement of photon coordinates with high precision (about 1-2 mm). The endcap BGO crystal calorimeter (about 13.4X 0 ) operates in the main magnetic field. The time-of-flight system, designed to identify slow moving particles, is placed between the two layers of the barrel calorimeter. The detector is surrounded by the muon range system. The SND (Fig.2) is a general-purpose nonmagnetic detector. It consists of the 9-layer drift chamber, the aerogel Cherenkov counters, the three-layer spherical electromagnetic calorimeter with 1680 NaI(Tl) crystals and the muon system.
The physics program of experiments includes the high precision measurement of cross sections of various modes of e + e − → hadrons, studies of known and searches for new vector mesons, measurement of nn and pp production cross sections near threshold and searches for exotic hadrons.
Measurement of the total cross section of e + e − → hadrons in the VEPP-2000 energy range is very interesting in relation with the problem of anomalous magnetic moment of muon, a μ .
The most recent measurement of a μ done at BNL with 0.54 ppm precision [5] 
Data taking history
The data were taken in three independent seasons. were collected per detector, with about 8 pb −1 per detector near the peak of the ω(782).
The beam energy monitoring system [6] has been installed and commissioned during the 2012 season. The system allows to continuously monitor beam energy with relative precision < 10 −4 , using Compton backscattering of laser photons on the electron beam.
Average VEPP-2000 luminosity as a function of beam energy is shown in Fig. 3 . The luminosity achieved at energies above 1.2 GeV is notably lower than the design luminosity, up to 10 times at √ s = 2.0 GeV. There is a number of factors contributing to this deficiency. At energies √ s ≈ 1.2 GeV and above, the luminosity is limited by the rate of positron production. The maximum energy of the booster ring is 0.825 GeV, thus at energies √ s ≥ 1.65 GeV the VEPP-2000 energy has to be ramped up and down for each injection, which further limits the effective luminosity. In order to overcome these limitations, an upgrade of VEPP-2000 started in the second half of 2013. The upgrade plan includes a number of improvements: switching over to the new, at least ten times more productive beam source; complete rearrangement of the booster ring to increase it maximum energy to 2.0 GeV; and other smaller projects. The upgrade is still under way and data taking is expected to be resumed in the second half of 2015.
In the following section we review the recent results of analysis of data, taken with CMD-3 and SND in 2011-2013.
Results of data analysis

Cross section of e
+ e − → π + π
−
As was mentioned before, the simplest mode of e + e − → hadrons, the process e + e − → π + π − , plays special role in the calculation of a μ .
The cross section e + e − → π + π − was measured to high precision in a number of experiments. The most precise direct energy scan measurements were performed in the previous generation of experiments in Novosibirsk at the VEPP-2M collider with the CMD-2 and SND detectors. The high precision measurements of this mode were recently performed in KLOE and BaBar experiments using initial-state radiation (ISR) technique. The systematic error of all these measurements varies from 0.5% to 1.3% in the ρ(770) resonance energy range. The reviews of the existing data are provided in the most recent calculations of the hadronic contribution to a μ [7, 8] and in [9] .
There is good agreement of the value of the (g-2) integral (1) in the discussed measurements, but when their results are compared in different energy regions, there are local discrepancies of a few percent, far beyond the quoted levels of the statistical and systematic errors.
In 2013 the energy scan of the energy range between 0.32 GeV and 1.0 GeV was performed, dedicated to R(s) measurement. Here we discuss the preliminary results of the measurement of the e + e − → π + π − cross section at CMD-3. The CMD-3 ultimate goal it to measure this cross section with systematic uncertainty of 0.35% at √ s < 1
GeV and moderately larger uncertainty at higher energies, which is about factor of 2 improvement compared with Figure 4 . Preliminary results of pion formfactor measurement at CMD-3. Red crosses correspond to e/μ/π separation using the energy deposition in the calorimeter, blue circles correspond to e/μ/π separation using the momentum. The inset shows the ratio of the measured e + e − → μ + μ − cross section to the QED expectation for the blue circles.
the previous measurements at VEPP-2M and similar to the precision of the today's world average.
The events with two back-to-back tracks are selected. This sample includes e + e − → e + e − , μ + μ − and π + π − events with practically no background except for the percent level of cosmic background. The particle identification is performed using two techniques. In the first approach, the two-dimensional distribution of the momenta of two particles is approximated by the model, which takes into account the radiative corrections and the detector response function. The momentum resolution of the CMD-3 drift chamber is enough to use this approach up to energies √ s ≈ 0.66 GeV.
In the second approach the two-dimensional distribution of the energy deposition of two particles is used. This technique is more complicated, as there is no good theoretical model for the energy deposition of pions and stopped muons in the calorimeter. The corresponding distributions are extracted from the data using tagged muons and pions from cosmic events and decays ω → π + π − π 0 and ϕ → π + π − π 0 . The advantage of this approach is that it can be used in the whole VEPP-2000 energy range.
A very preliminary result of e + e − → π + π − cross section measurement at CMD-3 is shown in Fig. 4 in terms of the pion formfacftor, related to the cross section as
The results of both techniques are shown. There is good agreement between the results of two approaches in the energy range √ s ≤ 0.66 GeV, where they both can be used. It should be noted that not all necessary corrections are applied yet. Also, we are working on improvement of the model for energy deposition and on incorporating the data on the shower profile, measured in the layered barrel calorimeter, to the e/μ/π separation algorithm.
01022-p.3 In addition to the e + e − → π + π − cross section, the described procedure allows to measure the e + e − → μ + μ − cross section. The ratio between the measured σ μμ cross section and QED expectation is shown in the inset in Fig.  4 . Agreement at the 0.5% level is observed, which corresponds to the statistical accuracy. Measurement of the e + e − → μ + μ − cross section provides a powerful test of the overall procedure.
Cross sections e
+ e − → 3π, 4π, 5π, 6π
The cross section e + e − → 3π measured by SND is shown in Fig. 5 . It is in good agreement with results of the previous measurements by SND [10] and BABAR [11] , and has better precision. The model takes into account contributions from the ω(782), φ(1020), ω (1450) and ω (1680) resonances. The ω (1450) is observed in this final state only.
The preliminary result of e + e − → π + π − π + π − cross section measurement at CMD-3 is shown in Fig. 6 . The statistical error is about 1÷2% at each energy point. This is the dominant cross section at energies above ϕ(1020), therefore it is important to achieve a small systematic error of a few percent. In order to evaluate the detection efficiency (detector acceptance), the internal dynamics of this process have to be taken into account. For e + e − → π + π − π + π − , the production mechanism through a 1 (1260)π is confirmed, while small admixtures of ρ(770) f 0 (600), ρ(770) f 0 (980) and a 2 (1320)π are also seen. There is a clear signal of ωπ 0 events in the collected e + e − → π + π − π 0 π 0 sample. Non-ωπ 0 events are dominated by a 1 (1260)π with additional small contributions from ρ + ρ − and ρ(770) f 0 (980). In order to measure σ(e + e − → 4π), all these production mechanisms should be taken into account in simulation.
The dominant production mechanisms for the e + e − → π + π − π + π − π 0 process are e + e − → ωπ + π − and e + e − → ηπ + π − (Fig. 7) . Both modes are clearly seen by CMD-3
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01022-p.4 and are under analysis (Fig. 7) . The e + e − → ηπ + π − cross section was recently measured by SND in the different final state e + e − → ηπ (Fig. 8) .
The cross section e + e − → 3(π + π − ) has been recently measured at the CMD-3 detector in the √ s =1.5-2.0 GeV energy range [12] (Fig. 9) . It was found that the observed production mechanism can be described by the production of one ρ(770) with four remaining pions in the S-wave distributed according to phase space. The interesting feature of the measured cross section is a sharp dip at the pp threshold. It was shown [13] that this dip is compensated by opening of the pp and nn modes. Detailed analysis of the production dynamics will be performed in the combined analysis of the processes e + e − → 3(π + π − ) and e + e − → 2(π + π − π 0 ).
Final states with kaons
At energies above the ϕ(1020), final states with kaons add a significant contribution to e + e − → hadrons. Charged kaons are well identified at CMD-3 by large dE/dX in the drift chamber, and at SND using Cherenkov counters.
The preliminary results of e + e − → K + K − and e + e − → K S K L cross section measurement near the ϕ(1020) peak at CMD-3 are shown in Fig. 10 . The systematic error of this measurement is estimated to be around 2%. In earlier experiments [14] it was observed that the ratio g ϕ→K + K − /g ϕ→K S K L differs from the theoretical expectation by more that 3σ. The new simultaneous measurement of these cross sections at CMD-3 confirms the discrepancy. The preliminary results of measurement of the e + e − → K + K − cross section at energies above the ϕ(1020) peak done by SND are shown in Fig. 11 .
Preliminary results of CMD-3 analysis of the e + e − → K + K − π + π − final state are shown in Fig. 12 . This mode is particularly interesting because many intermediate states contribute to it: 
Nucleon formfactor
The maximum energy of VEPP-2000 is slightly above the pp and nn masses, making possible direct measurements of nucleon formfactors near threshold. Currently, about 6 pb −1 were collected by each detector at
The preliminary results of the pp production cross section measurements are shown in Fig. 13 . Two separate techniques are used in the analysis. At energies √ s > 1.92GeV proton and antiproton have enough kinetic energy to penetrate the wall of the vacuum chamber and be observed directly in the drift chamber with high efficiency. At smaller energies the analysis is more complicated, because both proton and antiproton stop in the wall and are not observed; thus the pp are identified by secondary particles characteristic of antiproton annihilation in the vacuum chamber wall.
The angular dependence of the pp production cross section allows to measure the |G E /G M | ratio. The angular distributions of G E and G M terms differ at most at a zero angle, while both detectors detect p andp, mostly scattered at large angles. Therefore, while the collected luminosity is enough to reach a combined statistical error of σ pp of about 2%, the statistical error for the |G E /G M | ratio is about 20% only. Both experiments at VEPP-2000 plan to collect significantly more statistics in this energy range, which will allow to measure |G E /G M | with 5-10% statistical precision.
The e + e − → nn cross section was recently measured by SND [15] with about 25% statistical and 20% systematic errors (Fig. 14) . The initial number of these events is about the same as the number of e + e − → pp, but nn events are much more difficult to identify. There is no signal from n, andn is identified by secondary particles, produced in annihilation, mostly detected in the calorimeter. It was observed, that the effective formfactors of proton and neutron have similar behavior near threshold.
Conclusion
After the VEPP-2000 collider was commissioned in Budker Institute of Nuclear Physics in 2010, two experiments, CMD-3 and SND, have collected more than 100 pb −1 in Figure 14 . 
